Abstract: CoO-ZnO-based composites have attracted considerable attention for the development of energy storage devices because of their multifunctional characterization and ease of integration with existing components. This paper reports the synthesis of CoO@ZnO (CZ) nanostructures on Ni foam by the CBD method for facile and eco-friendly supercapacitor applications. The formation of a CoO@ZnO electrode functioned with cobalt, zinc, nickel and oxygen groups was confirmed by X-ray diffraction, X-ray photoelectron spectroscopy, low and high-resolution of scanning electron microscopy, and transmission electron microscopy. The assynthesized hierarchical nanocorn skeleton-like structure of CoO@ZnO-3h (CZ3h) electrode delivered a higher specific capacitance of 1136 F/g at a current density of 3 A/g with outstanding cycling stability, showing 98.3% capacitance retention over 3000 cycles in an aqueous 2 M KOH electrolyte solution. This retention was significantly better than that of other prepared electrodes, such as CoO (CO), ZnO (ZO), CoO@ZnO-1h (CZ1h), and CoO@ZnO-7h (CZ7h) (274, 383, 240 and 537 F/g, respectively). This superior capacitance was attributed to the ideal surface morphology of CZ3h, which is responsible for the rapid electron/ion transfer between the electrolyte and electrode surface area. The enhanced features of the CZ3h electrode highlight potential applications in high performance supercapacitors, solar cells, photocatalysis, and electrocatalysis.
Introduction
In recent years, with the increasing energy and power demands of the modern world, the continuous depletion of fossil energy, and continuous growing of the global economy, has prompted considerable interest in the generation of renewable clean and efficient energy, in terms the management, storage, and production of this precious energy [1] [2] [3] [4] . Among the various types of electrical energy storage, electrochemical capacitors (ECs) or ultra-capacitors have attracted enormous research and industrial attention because of their high charge-discharge current capability, high power density, very high efficiency, stable cycling performance environmental friendly and temperature range compared to fuel cells [5] . Batteries have higher energy density over traditional capacitors and conventional dielectric capacitor [6, 7] . Therefore, considerable research is being directed towards the development of supercapacitors with the overall goals of increasing the energy density with minimal sacrifice of the very high power density and cycle life [8, 9] .
Supercapacitors are used widely in high power applications, such as portable electronic devices, renewable energy storage devices, and hybrid electric vehicles [10] . Currently, the research into supercapacitors has focused mainly on the specific energy of supercapacitors, electrode materials as well as their micro or nano morphology [11] . Moreover, continuous efforts have been devoted to designing high performance electrode materials with stability and high capacitance, and electrolyte and assembly technology [12] [13] [14] . Hence, the study of electrode materials has become a field of intense research activity [15] .
Supercapacitors can be classified two categories based on the energy storage mechanism:
pseudocapacitor (PCs) made typically from metal oxides or hydroxides and electric double layer capacitors (EDLCs) [16, 17] . In EDLCs, carbon-based materials are commonly used in supercapacitor electrodes owing to their high power density, low cost, controllable porosity, and ease of process ability [18] . On the other hand, the relatively low energy density, low specific capacitance, and volumetric capacitance have limited their practical use for high performance supercapacitors [19] [20] [21] . Some carbon-based materials, such as carbon nanotubes, activated carbon, and graphene, have been used as electrode materials [22] . Nevertheless, in recent years, extensive attention has been paid to the surface area of the electrode [23] . In terms of pseudocapacitance, transition materials can have better capacitive performance than carbon-based EDLC electrodes, resulting from the interface and they are thus categorized as supercapacitors. Pseudocapacitor materials contain metal oxides and sulfides, particularly metal oxide materials with higher specific capacitance, such as CoO, MnO2, Fe2O3, and Co3O4 [24] . They have been considered promising anode materials compared to other pseudocapacitor materials and show more stable performance than carbon materials, which can result in a much higher specific capacitance and energy density because they can supply different oxidation states for efficient redox reactions [25] . Among the various metal oxides, CoO is an ideal supercapacitor electrode material that has been shown to be a promising electrode material for various applications due to the high redox reactivity, good electric conduction, low cost, high theoretically capacitance and ecofriendliness [26] . Moreover, CoO suffers from rapid capacity decay due to large volume expansion; limited ion transport kinetics; and poor conductivity, cycling stability, and rate performances [27] .
To overcome this problem, binary metal oxides show good electrochemical performance because they provide multiple redox reactions and have very high electrical conductivity. After the reaction, the two oxide interfaces formed exhibit new and interesting properties due to diffusion phenomena and proximity, which have become important in the nano scale range. Binary metal 
Experimental Chemicals and Materials
All reagents used in this study were of analytical purity grade and used without further purification. Analytical grade chemical reagents, zinc nitrate (Zn(NO3)2), hexamethylenetetramine (HMTA) (CH2)6N4, cobalt acetate (C4H6CoO4), urea (CH4N2O), acetic acid (CH3CoOH), and potassium hydroxide (KOH) were purchased from Sigma Aldrich chemicals and used as received.
Preparation of ZO and CO on Nickel foam
Prior to synthesis, pieces of Ni foam were cleaned carefully with a 1M HCl solution for 30 min and dialyzed for a weak to remove acids and ions. This was followed by rinsing in acetone, The products of the crystal structure and phase purity were characterized by powder Xray diffraction (XRD, D8 ADVANCE) using Cu Kα radiation at 40 kV and 40 mA operated in the 2θ range of 20-80°. The morphology and microstructure of the synthesized products and elemental maps were characterized by scanning electron microscopy (SEM, s-2400, Hitachi) equipped with energy-dispersive X-ray spectroscopy (EDX) operated at 15 KV. Amplitude-contrast TEM was used to obtain information on the surface morphology and size. X-ray photoelectron spectroscopy (XPS, VG scientific ESCALAB250) was carried out using monochromatic AI-Kα radiation at 1486.6 eV.
Electrochemical characterization
Cyclic voltammetry (CV) was carried out using a BioLogiSP150 workstation at room temperature with a three-electrode electrochemical cell at various scan rates that ranged from 2 ) were calculated from the galvanostatic charge-discharge curves using the following equations: 
Results and discussion
The growth procedures of CO, ZO, CZ1h, CZ3h and CZ7h electrodes on Ni foam are schematically displayed in Scheme 1. 
Characterization and Electrochemical performance of active electrodes
The surface morphology, size and surface structures of the as-prepared electrodes, such as CO and ZO, were examined by low and high magnification FE-SEM and EDS, as shown in Fig. 1a-h. and may expose a larger surface area for growth of the active electrode, as shown in Fig. 1d ,e. The high resolution SEM image of the ZO electrode revealed the unique structure of a nano-corn morphology providing suitable diffusion channels for interactions with the electrolyte for the charge storage mechanism on the electrode surface (Fig. 1f) . Furthermore, energy-dispersive Xray spectroscopy (EDX) of CO and ZO (Fig. 1g,h) comprised of CO nanorods covered uniformly with the ZO nanocorn skeleton-like surface area Fig. 2d -e. The image in Fig. 2f shows uniformly interconnected and a large number of nanoparticles, and significantly smaller pore sizes with strong adhesion to the active electrode, which enhances the surface area of the material. These are useful for electrolyte access and electron transport during the redox reaction. Fig. 2g-i shows the effects of increasing the time on the CZ7h electrode. As the annealing time was extended from 3h to 7h, the similar mesoporous structure of CZ7h was converted completely to disturbed nanoparticles with a weakened structure and large pores, indicating interrupted adjacent pores and a reduced surface area of the active electrode, as shown in Fig. 2g ,h. The middle of the small thin layer sheet can be seen in Fig. 3e , whereas the presence of CO nanoparticles on the edge of the ZO nanosheet was observed clearly in Fig. 3f . As shown in the TEM images of CZ7h in Fig. 3g ,h two different magnifications. Fig. 3g shows a thin nanosheet, supporting the corresponding SEM images, which is also seen clearly in Fig. 2h . In addition to these peaks, one strong peak in all samples at 51.9° 2θ was assigned to Ni foam. [30] . The strong peaks for Co 2p were typically deconvoluted into two peaks at 781.5 eV and 796.5 for Co 2p3/2 and Co 2p1/2, respectively, and two weak shake-up satellite peaks at 786.2 eV and 802.6 eV, as shown in Fig. 5d [31 . An energy gap between and main peaks and satellite peaks of around 6 eV would indicate divalent Co. Fig. 5e shows the strong resolution XP spectrum of Ni 2p, which is typically separated into two strong peaks at 857.0 eV and 875.0 eV for Ni 2p3/2 and Ni 2p1/2, respectively, and its satellite peaks appear at 861.7 eV and 880.0 eV [33] . In addition to those in Fig. 5f shows the O 1s spectrum showed two deconvoluted peaks at 531.0 eV and 529.8 eV, suggesting hydroxide ions and metal oxygen bonds in the sample [34, 35] . To examine the electrochemical behavior and supercapacitor properties of the as-prepared CO, ZO, and composites, the CZ1h, CZ3h, and CZ7h synthesized electrodes were first investigated in a three electrode system (Fig. 6 ). The current density increased with increasing scan rate, and all curves showed a unique shape and the GCD curves also maintained the same shape from current densities value of 3 A/g to 7 A/g and exhibited a specific capacitance value of 537, 512, 502, 492 and 475 F/g were shown in Fig. 6i . The ion diffusion and electron transfer in the electrode materials were examined. Figure   7a presents the Nyquist plot of all the electrodes over the frequency range of 0.100 Hz to 100 KHz. A long-term cycle test was performed to examine the stability, which is an indispensable factor when determining the practical applicability of the CZ3h electrode, as shown in Fig. 7b . The cycling stability of the CZ3h electrode was measured up to 3000 cycles by recording the GCD at a current density of 4 A/g in a three electrode system. Figure 7b shows that the CZ3h electrode exhibits excellent capacitance that still retained 98.3% of the initial value after 3000 cycles. This was attributed to the gradual penetration of the electrolyte into the interior of the electrode materials during cycling and the high structural stability of the electrode. Efficient electrical contact between nickel foam substrate and electroactive materials, simplified electrode preparation, easy diffusion of the electrolyte and short ion diffusion pathways, thus leasing to improve cycling stability and rate capability. foam by an inexpensive and eco-friendly CBD method. Ni foam provides a higher surface area, excellent electrical conductivity, very high porosity, and sufficient functional groups to the material to enhance the electrochemical performance. Various electrochemical techniques were carried out to characterize the nanostructures, morphology, and structural properties of the working electrodes. The hierarchical interconnected corn skeleton of the CZ3h electrode could allow the electrolyte to penetrate directly, indicating a reduction of the ionic transfer resistance thereby improving the working material surface area efficiency and electron transport in electrochemical mechanism. In a three-electrode system, the CZ3h active electrode exhibited a good specific capacitance 1136 F/g at a current density of 3 A/g. In contrast, the remaining electrodes, CO, ZO, CZ1h, and CZ7h, exhibited 274, 383, 240 and 537 F/g at a current density of 3 A/g in the threeelectrode system. Considering the encouraging electrochemical properties of the active electrodes device, it is strongly believed that hierarchical corn skeleton nanostructures will form part of new strategies for next generation energy storage devices. 
